Jet interaction effects on aerodynamic characteristics of aircraft in subsonic/transonic compressible crossflow are investigated numerically. The high reliable CFD method is established and compared with existing experimental results. The lateral jet interaction characteristics of lateral jet in subsonic/ transonic compressible crossflow on an ogive-cylinder configuration are simulated numerically. Variation characteristics of normal force amplification factor, pitching moment and amplification factor are analyzed and compared with the results at supersonic condition. Research results and some useful conclusions can be provided for the design of RCS aircraft control system as basis and reference in subsonic/transonic compressible crossflow.
Introduction
Direct force induced by Reverse Control System (RCS) lateral jet can supplement the ability of control system as well as improve maneuvering and rapid response ability. This technology has been utilized successfully in multiple aircrafts, such as airship, space shuttle, interceptor et al. The The velocity scope of air-to-air missile using RCS ranges from subsonic, transonic to supersonic conditions. In former research, the emphasis was supersonic/hypersonic condition [1] - [17] while few research [4] [12] has been carried out for subsonic/transonic condition (including simulation and experiments). The existing method and mechanism that we have achieved is far from the requirements in designing of aircrafts using RCS at subsonic/transonic condition.
Numerical Simulation Method

Discretization Method
The three-dimensional compressible Reynolds Averaged Navier-Stokes equation 
Boundary Condition
Method Verification
The numerical simulation methods established has been verified and compared with a large number of jet interaction experimental results [9] [10] [11] . In this paper, numerical simulation and experiment of the lateral jet interaction flowfield at after body of typical cone-pillar revolution body have been utilized. The model configuration and computational condition can be referred to relative papers [12] . Figure 1 shows the configuration of case. 
Numerical Model and Parameters
The numerical model and coordinate system is shown as Figure 3 . The configuration is cone-pillar revolution body [4] . 
Results and Discussion
The numerical simulation of the subsonic, transonic and low supersonic jet interaction flowfield from α = −10˚ ~ 10˚ and M ∞ = 0.6 ~ 2.0 is completed using the numerical methods above. The calculation grid is established based on multi-block patched grid technique. Figure 4 shows the grid of the wall and symmetry plane. The local grid of the nozzle exit is shown in the figure as well. Grid is compacted at the joint of cone-pillar and the nozzle. The total number of the grid is approximately 6,000,000.
Interaction Flowfield
The cloud pictures of pressure about wall surface and symmetry plane at M ∞ = 0.6, 0.9、1.1, 1.5, 2.0, H = 0 km，α = 0˚ when the jet is on are separately shown in Figure 5 and Figure 6 . When M ∞ = 0.6, the compress wave is appeared in front of the jet and the pressure is raised. When M ∞ = 0.9, the compress wave is strengthened and the pressure is raised further on where some shock wave appears. When M ∞ ≥ 1.1, the separate shock and bow shock which are located at upper stream of the nozzle as well as the strong expand region which is close to the downstream of the nozzle followed with the rising pressure region can be seen in the figure. The separate region is reduced and the strength of shock wave is increased along with the rising Mach number.
Effect of Jet Interaction in Aerodynamics
Both Normal force amplification factor and pitching moment amplification factor are used to describe the effect of RCS jet interaction about aerodynamics of the aircrafts. The definition is listed below.
Mathematical formula of Normal force amplification factor K y is jeton jetoff y jet
Mathematical formula of pitching moment amplification factor K Mz is Figure 7 shows the changing rules of K y which is induced by lateral jet interaction from M ∞ = 0.6 ~ 2.0, H = 0 km, α = −10˚ ~ 10˚. All K y is less than 1.0 which means a negative effect induced by jet interaction from the figure. K y is decreased when the attack angle is increased. The range ability is increased along with the rising Mach number as well. K y is increased at first and decreased afterwards along with the attack angle when Mach number is 2.0. 
Conclusions
Jet interaction characteristics of cone-pillar revolution body at subsonic and transonic conditions are studied with numerical simulation in this paper. The results can be summarized as below.
1) The numerical methods used in this paper can be accurately enough to simulate the wave and eddy structure in lateral jet interaction flowfield. Main structures of the lateral jet interaction flowfield are shown at subsonic, transonic and low supersonic conditions including jet bow shock, separate shock, λ-shape shock and so on.
2) All normal force amplification factor is less than 1.0 and complex changes with angle. The amplification factor is decreasing when attack angle is increasing at subsonic and transonic conditions while the amplification factor is increasing at first and decreasing afterwards when attack angle is increasing at supersonic condition.
3) The effect of lateral jet interaction on aerodynamics at subsonic and transonic conditions changes sensitively according to the change of flight parameters. Further study about more parameters should be carried out in the future.
